Topology has become one of the key concepts allowing one to understand the intrinsic, qualitative properties of phenomena throughout various scientific fields. To date, this concept has been extended to the field of material science and technology. For example, it has been found that several transition metal chalcogenides can have various type of topological structures such as ring, disk, or Möbius strip (S. Tanda, et al., Nature 417, 397 (2002)). Because of their correlated electron properties, macroscopic quantum effects originating from the topology will be expected. On the other hand, we can now utilize the spatially-controlled light defined by the topology (so called "optical vortices") in order to characterize the topological properties of materials. Especially, the generation of optical vortices in the femtosecond laser pulses will be invaluable for advanced topological spectroscopy. However, there has been less experimental work done for generating vortex pulses. Furthermore, diagnostic techniques for evaluating the vortex pulses have not been well established so far. In this paper, we created femtosecond optical vortices using spatial light modulator. Their spatiotemporal properties were evaluated using interferogram and correlation measurements.
Topology has become one of the key concepts allowing one to understand the intrinsic, qualitative properties of phenomena throughout various scientific fields. To date, this concept has been extended to the field of material science and technology. For example, it has been found that several transition metal chalcogenides can have various type of topological structures such as ring, disk, or Möbius strip (S. Tanda, et al., Nature 417, 397 (2002) ). Because of their correlated electron properties, macroscopic quantum effects originating from the topology will be expected. On the other hand, we can now utilize the spatially-controlled light defined by the topology (so called "optical vortices") in order to characterize the topological properties of materials. Especially, the generation of optical vortices in the femtosecond laser pulses will be invaluable for advanced topological spectroscopy. However, there has been less experimental work done for generating vortex pulses. Furthermore, diagnostic techniques for evaluating the vortex pulses have not been well established so far. In this paper, we created femtosecond optical vortices using spatial light modulator. Their spatiotemporal properties were evaluated using interferogram and correlation measurements.
The ideal optical vortices are given by the Lagureer-Gaussian modes (LGm) with the form exp[i(kz+mφ)], where non-zero index m provides a helical shape for the wavefronts. The phase circulation around the singularity occurring at the center of the beam is given by m · 2π. The field becomes a pure Hermite-Gaussian mode when m = 0. Therefore, LG beams can be transformed from the HG by rotating the phase of the wavefront. We employed a widely-used holographic technique using a two-dimensional (2D) spatial light modulator (SLM) for such transformation. A 1D grating pattern is superimposed onto a circular pattern for separating the 0th-order HG beams. A near infrared (NIR) laser pulses centered at wavelength 800 nm were generated by a mode-locked Ti:Sapphire (ML:TiS) laser with a repetition rate of 90 MHz. Another near-ultra-violet (NUV) pulses down-converted by the NIR pulses were also evaluated. Double passing the laser pulses through a prism compressor compensated for the group velocity dispersion of the output coupler and the optical elements in the setup, which gave a temporal resolution of 50 fs (FWHM). The spatio-temporal properties were evaluated using cross-correlated FROG(Frequency-Resolved Optical Gating) techniques for NIR. In the case of NUV, a spatio-temporal correlation between ±1-st order diffracted LG pulses was used. Typical results for NUV were shown in Fig.1 . The interferogram successfully characterizes a spatiotemporal distribution of the vortex pulse. Topology has become one of the key concepts allowing one to understand the intrinsic, qualitative properties of phenomena throughout various scientific fields. To date, this concept has been extended to the field of material science and technology. On the other hand, we can now utilize the spatially-controlled light defined by the topology (so called "optical vortices") in order to characterize the topological properties of materials. Especially, optical vortices in the femtosecond pulses will be invaluable for advanced topological spectroscopy. In this work, we created femtosecond optical vortices using spatial light modulator. Their spatio-temporal properties were evaluated using interferogram and correlation measurements.
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